
6.S965
Digital Systems Laboratory II

Lecture 11
RFSoC, Skid Buffers, Projects
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Administrative

• Week 5 due on Friday

• Week 6 out on Friday:
• Write, test Skid Bu8er
• Work with RFSoC

• Need to start thinking about projects
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RFSoC
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Lab This Week:
• We’ll work with the RFSoC Board

• For starters we’ll just configure and run the ADC 
and LO and dump some data into memory to 
analyze
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RFSoC
• It is basically the Pynq 

Z2 but with a lot more 
resources, the ADC, 
DAC and a lot less 
“fun” breakout parts 
like HDMI 

• Chances are, outside 
of the ADC and DAC, 
most other peripherals 
have minimal support 
fyi.
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We’ve tested the…

• ADC
• DAC
• LEDs
• Switches
• Buttons
• Pmod pins
• DMA
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Oh there’s a display port



rfsoc.pynq.io
• Reference one:
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Has some interesting overlays
• Regular Old Spectrum Analysis
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Has some interesting overlays
• 1024-QAM demo
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Downsides

• All the code and widgets are found here:
• https://github.com/strath-sdr/rfsoc_studio/tree/master

• All of their stu[ was built with old Vivado (2022 or 
before).  It does not build on 2023 or 2024, and 
they don’t seem in any hurry to do anything 
about that.
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You can run their notebooks and 
there’s some interesting demos
• Most of which are built off of this “base.bit” 

overlay they wrote which has a lot of 
functionality in it.
• But you can’t open it or rebuild it in vivado 23 or 

24 (and even when I tried early on with vivado 
22.2 it broke)
• Haven’t tried 2025. We might be able to force it 

with some work.
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Base.bit is a massive project they built with most functionality broken 
out (not good for specialized things though)



Good News
• Everything we’ve done on the cheaper Pynq 

board, including DMA transfers relatively quickly 
right over.
• Things do seem to work with the Pynq…it isn’t 

that it is unsupported in my experience, it is just 
there is nothing out there to show you how for 
specific things.
• There just aren’t many walkthroughs about how 

to actually build something on the RFSoC out 
there.
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The RFSoC’s raison d'être

• Yes yes it has crazy amounts of DSP blocks and 
logic, but it is all in service to...

• The ADC and the DAC
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ADCs and DACs on left side

10/8/25 6.S965 Fall 2025 14



The RFSoC Board has DACs and 
ADCs in two blocks
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RFSoC Capabilities

• DDC == “Digital Down Converter”
• DUC==“Digital Up Converter”

10/8/25 6.S965 Fall 2025 16



ADCs • You pretty much need to use these 
in I/Q format to get most 
functionality
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Analog signals come in here:



Week 6
• Build an ADC pipeline and look at some signals 

in python
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RF DDC (ADC)



The RF Data Converter gets 
Configured...
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The RF Data Converter gets 
Configured...
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The RFADC Block
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Analog signals come in here:

NCO/LO: Controllable oscillator that 
produces in-phase and quadrature 
sin/cos waves for down-mixing!

Down-sample and 
does anti-aliasing-
filtering for usI/Q values 

come out



Can control mixer frequency from 
software
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ADCs and DACs on left side
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This is a Digital Upconverter 
(DUC)
• Specify complex values over time 
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https://www.edn.com/quadrature-modulation-the-signal-behind-digital-communications/



DACs
• Basically work the opposite of DDC

10/8/25 6.S965 Fall 2025 25

IQ values get fed in over AXIS here
Analog signals get 
sent out here:

Mix Signals Up



RFSoC Gen 3

• Specs...
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Skid Buffer

10/8/25 6.S965 Fall 2025 27



Motivation for Skid BuQer

• We’ve been writing AXIS modules for a few 
weeks. One issue we’ve kinda dealt with and 
then ignored some was TREADY propagation
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Original AXI Wire
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As soon as you want to do stuff, 
though
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You likely need to register what 
you’re doing
• And this brings a lot of baggage with it. The 

module is now stateful. 
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And it can get more complicated 
as we saw with j_math, etc...
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But One Issue

• We’d ideally like to tell the entire pipeline to stop all 
at once to avoid car-crash like build-ups because of 
the state.
• Do this with an immediately conveyed 

combinational path...
• Stacking lots of modules together could run into 

issues with long combinational paths making timing 
hard to meet.
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Add into a feedback path or 
something…
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Combinational loop



Go to the Scripture (AXI Spec)

• Is it allowed or not? Not really sure.
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Probably not a good idea in 
general
• Especially if you end up having AXI-stream 

devices cross clock domains and things (Which 
can happen)!
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So probably want to add a register 
here.
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Delaying TREADY

• Delaying the ability to convey a halt (via TREADY) to 
any upstream device means that there’s a delay in 
stopping that data.

• It has to go somewhere/get absorbed somewhere
• Need a bu[er/some sort of very short-form fifo
• You’ll hear these called “skid bu[ers” or “Carloni 

Bu[ers”
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https://ptolemy.berkeley.edu/projects/embedded/research/hsc/class.F02/ee249/lectures/lipClass.pdf



What is a Skid BuQer?

• A device that “eats”/temporarily holds data in the 
event of the data pipeline having to suddenly 
slam on the brakes.

• Therefore the system “skids” to a halt.

• In many ways, a skid bu[er is the smallest 
possible FIFO
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Nice Writeup

• Kind of an old-school FPGA writeup of a skid 
buffer found here:  

https://fpgacpu.ca/fpga/Pipeline_Skid_Buffer.html

• You will write your own version this upcoming 
week.  

10/8/25 6.S965 Fall 2025 40



Skid BuQer
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Simple FSM logic 

• Three-state FSM can take care of this
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https://fpgacpu.ca/fpga/Pipeline_Skid_BuLer.html



Example: Skid 
Buffer
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EMPTY BUSY FULL

unload

load

flush

fill

flow

Skid BuTer
ready
valid
data*

ready
valid
data*

In/S Out/M
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Skid Buffer
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• BUSY is normal operation where data is coming 
in and out.
• If there’s a hiccup on the output side, go to FULL 

and stall pipeline (s00_tready -> 0)
• If there’s a hiccup on the input side, go to EMPTY 

and stall pipeline  (m00_tvalid -> 0)

Skid Buffer
ready
valid
data*

ready
valid
data*

In/S Out/M



Skid Buffer
• This simple FSM description…glosses over the potential 

complexity of the implementation: 3 states, each 
connected to 2 signals (valid/ready) per interface, for a 
total of 16 possible transitions out of each state, or 48 
possible state transitions total. 

• It is surprisingly difficult to write a skid buffer from 
scratch if you’re not careful.

• We’ll use the skid buffer as a platform to start looking 
into coverage next week.
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Final Projects
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Final Projects 

• After Week 8, we won’t have labs. It’ll be final 
project time.

• Projects will need to be done in teams (unless 
there is a very good reason to not do that)

• I’d like to start final projects on Nov 1. 
• Everything is due Dec 10 at 5pm
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Final Project Environment
• Board Choice…don’t really care, 

specifically…just pick one

10/8/25 6.S965 Fall 2024 49

Regular FPGAs Standard SoCs RFSoC



Regular FPGAs
• We have extra Urbana boards (and we have pretty 

well-functioning DDR interface logic this year!)

• Also a bunch of Nexys 4 DDR boards (about 2X 
resources of Urbana)

• Also have several Nexys Video boards (about 8X 
resources of Urbana)

• We also have those small Alchitry Au boards if 
anybody wants to do anything particularly mobile.
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Additional Equipment

• We have those decent camers from 6.205 now 
you can use
• Alternatively could use the HDMI input on the 

Pynq board if you’re looking for a way to get 
easier/cleaner 720 video. I would also assume 
this would be easier to put test cases into
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On that topic…Budget

• I have ~1.5K cash dollars or so to spend if we 
need to (for full class) so any antennas, amps, 
filters, we can get.
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The Pynq Z2 Board
• Does have HDMI in and out, so it is possible to 

incorporate this into some interesting video-
processing pipelines.
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HDMI IN

HDMI OUT



Anything with Computer Vision, 
this could be a good environment
• https://www.youtube.com/watch?v=QPshQ9PsuFs

• Sources of data could be computer feed (passthrough to 
monitor using HDMI in and out)
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Project Idea: QICK

• I think quantum stuff is made up, but the RFSoCs 
are getting a lot of use in qubit analysis.
• Slides here:
• https://docs.google.com/presentation/d/1rrgFXOn-

ZROhKadeiPFlLhmJAO-Ze_ezWnpo-
j1usnw/edit#slide=id.g30110b82c28_0_31

• I think there might be some interesting projects 
here involved in measuring these fake 
phenomena
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QICK on a RFSoC

• Look at those Rabi oscillations (?)! Very cool
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Satellites
• GOES (Geosta'onary Opera'onal Environmental 

Satellites) send down really cool images with a 
complicated protocol
• Signals around 1.7 GHz
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Satellites
• That dish I have on the 6th floor is meant for 

GOES…pointed it and with a front-end filter and 
LNA we were able to see some signal 
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NOAA APT Satellites

• APT= Automatic Picture Transmission Satellites
• Not geostationary so will have to track…but 

should be possible…
• Send down
• Signals on/around 137 MHz
• Use circularly polarized antenna
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Meteor Satellites (Russian)
• Russian weather satellites are also not 

geostationary but can give good images
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International Space Station

• Periodically sends down SST (Slow-Scan 
Television) as well as other signals

• https://www.youtube.com/watch?v=HaAprfh9ZtM
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Use some of these…parts

• Antennas
• Low Noise Amplifiers
• Some Front-end filters
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Commercial FM radio



Traditional FM radio

• Just do regular FM demodulation (which you can 
do using IQ data). It isn’t that easy.

• Make it tunable to listen to all the stations 
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Digital Terrestrial Radio

• https://www.rtl-sdr.com/decoding-and-listening-
to-hd-radio
• https://github.com/theori-io/nrsc5-nrsc-5-with-

an-rtl-sdr/
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Digital Terrestrial Radio

• https://www.rtl-
sdr.com/decoding-and-
listening-to-hd-radio
• https://github.com/theori-

io/nrsc5-nrsc-5-with-an-rtl-
sdr/
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Digital Television
• Modern over-the air TV is digital. USA uses ATSC 

(Advanced Television Systems Committee)
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LIDAR (use DAC)

• Some sort of continuous wave LIDAR:
• https://www.bridgerphotonics.com/blog/frequency-modulated-continuous-wave-fmcw-lidar

• AMD/Xilinx have this projct here:
• https://www.xilinx.com/developer/articles/lidar-pulse-

detection-accelerator-model-based-design-targeting-
vitis-and-rfsoc.html
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Pulse-based LIDAR?
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ADS-B

• I think this is going to be 
our lab
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Some sort of minimal beam-
targeting motion detection?
• Either use the DACs or use ambient signals to 

detect motion?
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See HDMI from its noise?
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https://www.windytan.com/2023/02/using-hdmi-radio-interference-for-high.html

More recently 2024

https://arxiv.org/pdf/2407.09717



Old-style Television???

• Last year a team almost recreated analog television 
using the RFSoC

• So close

• Alternatively could read it in from like a video game 
system and convert to hdmi?
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So…

• I will post a teaming form and a project idea 
submission thing this Friday/weekend

• I’ll talk about final project ideas in any depth you 
want.

10/8/25 6.S965 Fall 2025 73


